Background: Whether elderly patients are at increased risk of complications during oral anticoagulant treatment (OAT) is still a matter of debate.
was the indication for OAT (P = .03). Thrombosis rate was 4.2% and 2.5% patient-years in elderly and young patients, respectively (P = .10); however, 13 and 5 events were fatal (relative risk, 2.8; P = .04). Thrombosis rate was lower (1.5%) for INRs between 2.0 and 2.9; it was higher during the first 90 treatment days (PϽ.001) and 6 of 7 venous events occurred at lower than 2.0 INRs.
Conclusions:
A nonsignificant trend was noted toward a higher rate of both bleeding and thrombotic complications in elderly vs matched younger patients. Intracranial bleeding and fatal thrombotic events were significantly more frequent in the elderly. Our results also indicate that lower than 2.0 INRs do not preclude bleeding in the elderly nor offer adequate protection from thrombotic events. Moderate anticoagulation (2.0-3.0 INRs) in elderly patients seems the safest and most effective. Med. 2000; 160:470-478 O RAL anticoagulant treatment (OAT) is effective in the prevention and treatment of thromboembolic complications in patients with cardiovascular disease. Some of the indications for OAT (eg, venous thromboembolism and atrial fibrillation) are particularly frequent in elderly people, the fastest growing population of our society. More than one third of all patients included in a recent collaborative prospective Italian study were older than 70 years when they started OAT, and 8% were older than 80. 1 It is uncertain whether the risk of bleeding during OAT is higher in older patients, 2, 3 although many physicians are persuaded that the risk of OAT is higher in the elderly. 4, 5 Elderly subjects have the potential to be at higher risk for bleeding complications during OAT for the following reasons: they require lower anticoagulant doses than younger subjects, mainly because of reduced metabolic clearance 6 ; they are more likely to be taking interacting drugs; they have a higher prevalence of comorbid conditions 7 ; and they have been reported to have increased vascular fragility, a factor that may increase the risk of intracranial bleeding. 8 Noncompliance with OAT has been reported to be similar in elderly and younger patients. 9 Nevertheless, noncompliance could also contribute due to the complexity of the drug regimen, or a lack of a clear understanding of the purpose of the treatment by the elderly 10 who are prone to mental impairment. 11 The physician is therefore faced with a dilemma. The elderly are considered to be at higher risk of bleeding during OAT, but an increasing number of elderly patients are candidates for, and could benefit from, anticoagulants; this trend is expected to increase in the future. Therefore, there is a need for reliable information on the complication rates of OAT in the elderly and the modifiable factors that are responsible for these complications. Accordingly, the aims of the present study are to: (1) analyze the rates of bleeding complications and of thrombotic events recorded during treatment in elderly patients (Ն75 years at initiation of OAT) and (2) compare these outcomes in the elderly with an equal number of younger controls (aged Ͻ70 years at the initiation of OAT), matched for sex, main indication for OAT, and enrolling center. All patients and controls were part of the Italian Study on Complications of Oral Anticoagulant Therapy (ISCOAT), a collaborative, prospective, multicenter study, although the observation period in this article has been extended beyond the follow-up period of the 2 previous ISCOAT publications. 1, 12 
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PATIENTS, MATERIALS, AND METHODS
DESIGN AND PATIENTS
The ISCOAT has been described in detail elsewhere. 1 A total of 34 anticoagulation clinics affiliated with the Italian Federation of Anticoagulation Clinics ( listed on page 477) took part in ISCOAT. The Italian Federation of Anticoagulation Clinics are required to perform the following services: give extensive instructions to all new patients; periodically perform a prothrombin time test (results expressed as international normalized ratio [INR] ); fix the date for the next visit and prescribe daily anticoagulant doses for the upcoming period; monitor changes in patient habits, diet, comedication, intercurrent illnesses, bleeding complications, and scheduled surgical or invasive procedures. These services are performed by conducting an interview at each visit, or calling the patient's home or the patient's family physician if the patient misses the date of the visit by more than 20 days. All the Italian Federation of Anticoagulation Clinics take part in the specifically designed external quality control program, which runs 3 times yearly and uses lyophilized plasma samples obtained from anticoagulated patients. 13 From May 1, 1993, to October 31, 1994, consecutive patients receiving either warfarin sodium or acenocoumarol therapy for the first time and for no more than 30 days, were recruited in each center, independently of age, indication for anticoagulation, intended therapeutic range, or expected duration of treatment. The only exclusion criteria were pregnancy or the inability to obtain appropriate follow-up. The observation period, in this study, ended on August 31, 1996; it was earlier if treatment was discontinued, the patient stopped attending the center, or was censored after a major bleeding or thrombotic event.
ELDERLY PATIENTS AND SELECTION OF THE CONTROLS
From the total number of 2745 patients enrolled in the ISCOAT, we evaluated all patients who were aged 75 years or older when included in the ISCOAT and an equal number of patients younger than 70 years as controls. The controls were matched for sex, OAT indication, and, as far as possible, for the enrolling center. The elderly patients were identified and the controls selected in the coordinating center as follows: from the general ISCOAT database, the fields relevant for the selection were copied onto an electronic page and then printed; the fields considered were enrolling center, progressive individual number of the patients recruited in each center (sorted by ascending date of inclusion), sex, age at the time of inclusion, and the main indication for OAT (selected from a standard reference list used by all the participating centers). A member of the laboratory staff in the coordinating center, unaware of all the remaining information contained in the main database, was responsible for identifying the elderly patients and for selecting the controls. The printout list of all the ISCOAT patients was checked and sorted by ascending order of enrolling center and the date of inclusion; the list contained only the above-mentioned fields. The first patient aged 75 years or older was identified and then a control, matched for sex and main indication to OAT but younger than 70 years, was selected. This procedure was then repeated until all elderly patients and matched controls were identified for each center. Those elderly patients for whom suitable controls could not be found in the same center ("Results" section) were matched with controls identified among the patients from the next center, by following the progressive code order of the participating centers.
DATA COLLECTION, STUDY MONITORING, AND LABORATORY CONTROL OF ANTICOAGULATION
Data collection, study monitoring, and laboratory control of anticoagulation methods are described in detail elsewhere. 1 The quality of anticoagulation monitoring during follow-up was investigated by calculating the observed percentage of time spent at different INR levels using a software program.
14 This program allows the number of days (and patient-years) accumulated at different INR levels (in 0.5-INR intervals) to be calculated for all patients, or according to specific stratifications. The incidence of events at different achieved intensities of anticoagulation (different INR categories) can also be calculated by dividing the number of events occurring in patients with temporally related INR values in each category by the total number of patient-years accumulated in that range. An INR value was defined as "temporally related" to an outcome event when it was obtained at the time of the bleeding or thrombotic event or during the preceding 8 or 14 days for bleeding or thrombotic events, respectively.
OUTCOMES
Both bleeding and thrombotic complications that occurred during follow-up are considered in this article. Events were classified according to the diagnosis reported in hospital or emergency department records, death certificates, or autopsy results (when available); cases of superficial thrombophlebitis were diagnosed by the physician of the respective center.
Deaths for all causes were recorded and coded as follows: (1) due to an underlying or other disease; (2) sudden death, which was not considered a thrombotic event unless otherwise confirmed by autopsy 
ELDERLY PATIENTS AND CONTROLS
Among the 2745 patients included in the ISCOAT, 461 (200 men) were aged 75 years or older at inclusion (median age, 79 years; age range, 75-93 years). Following the procedure described in the "Patients, Materials, and Methods" section, 461 patients aged 70 years or younger were selected as controls (median age, 61 years; age range, 15-69 years); they were matched for sex, main indication for OAT, and enrolling center. Only 43 controls (9.3%) could not be matched for enrolling center. Table 1 summarizes information about OAT of the cohort of 461 elderly patients and 461 matched controls. Thirty-eight elderly patients (8.0%) were aged older than 80 years when they started OAT. The most common indications for OAT were venous thromboembolism (n = 175 [38%]) and nonischemic heart disease (mainly atrial fibrillation) (n = 139 patients [30.1%]). Multiple indications for treatment were reported in 177 elderly patients (38.4%) and 129 controls (28.0%). About two thirds of the patients or controls were treated with warfarin, the remainder with acenocoumarol. The intended anticoagulation level was of moderate intensity (INR target values Յ2.8) for most patients (79.8%) and controls (78.1%).
As already discussed elsewhere, 1,12 anticoagulation control was evaluated separately in patients and controls whose targeted INR was in the moderate (INR = 2.0-3.5) and high (INR = 2.5-4.5) intensity ranges. The total follow-up treatment period was 566 and 609 patient-years for the elderly and control patients, respectively. During the observation period ( Table 2 ) 270 elderly patients (58.6%) and 248 controls (53.8%) withdrew from OAT. The distribution of the individual length of follow-up in the patients from both groups and the mean interval between visits are given in Table 1 . The reasons for withdrawal were similar in both groups, except that there were more deaths from all causes ( Table 3) in the infarction, or stroke; and when death was generically attributed to cardiovascular causes.
The use of a standardized classification of either bleeding or thrombotic events is promoted among all Italian Federation of Anticoagulation Clinics and was adopted by those participating in ISCOAT. Bleeds were classified as major and minor, using the following criteria. For major bleeding: fatal (death due to hemorrhage); intracranial (documented by computed axial tomographic scan and/or nuclear magnetic resonance imaging); ocular (with blindness); articular; retroperitoneal; if surgery or angiographic intervention was necessary to stop bleeding; if bleeding led to a reduction in the hemogloblin level of 2 g/dL or more and/or a need for a blood transfusion of 2 U or more. For minor bleeding: all cases of bleeding not considered as major. For minor bruising or ecchymoses, self-limiting epistaxis (not requiring emergency visit or tamponade), occasional hemorrhoidal bleeding, and microscopic hematuria were not considered as bleeding events.
Deep vein thrombosis (in whatever site, first event orrecurrence),pulmonaryembolism,stroke,acutemyocardial infarction, peripheral or visceral arterial thromboembolism, thrombosis of a prosthetic cardiac valve, clinical worsening of peripheral obliterative arterial disease leading to amputation or reconstructive surgery were considered major thrombotic events. Transient cerebral ischemic attacks and superficial thrombophlebitis were all considered minor thrombotic events.
In the few cases in which the attribution of the events was unclear, the coordinating center requested a more detailed description of the event and adjudicated the event. If classification of one event was still uncertain, it was coded as major (this happened on a few occasions for hemorrhages).
STATISTICAL ANALYSIS
Differences between groups were assessed by the 2 test. Cumulative incidence of hemorrhagic and thrombotic events was calculated separately using the KaplanMeier method; data were censored after the first complication, cessation of OAT, or discontinuation of monitoring by the center. The effect of various risk factors (sex, intended anticoagulation intensity, type of coumarin drug, timing of the event from the beginning of treatment, and temporally related anticoagulation intensity) was assessed by univariate analysis while the possible interaction between some factors was investigated by performing a Poisson regression analysis. Where indicated 95% confidence intervals (CIs) were calculated and a P≤.05 (2 tailed) was considered as statistically significant. The SOLO statistical software package (version 4.0; BMDP Statistical Software Inc, Los Angeles, Calif) was used for data processing. 
001).
One or more comorbid conditions or other risk factors for bleeding were reported in a substantial number of elderly patients and controls (38.6% and 39.5%, respectively) ( Table 4 ). In addition more than 50% of patients in both groups were also taking 1 or more other drugs (Table 4) .
BLEEDING EVENTS
The bleeding and thrombotic events that occurred in elderly patients and in controls during follow-up are listed in Table 5 , and the event-free rates (KaplanMeier curves) are shown in Figure 1 . Although the rate of all bleeding events was higher in the elderly, this trend was not statistically significant (RR, 1.44; 95% CI, 0.96-2.14; P = .07). However, the incidence of fatal episodes from bleeding-all intracranial-was significantly higher in the elderly (RR, 6.4; 95% CI, 1.02-40.6; P = .047). The highest rate of bleeding ( Table 6) 1%) ; RR vs all the other indications was 1.97; 95% CI, 1.08-3.56; P = .03. No differences were detected between the 2 groups for other variables, including sex, type of coumarin drug used, and intended anticoagulation intensity. In the elderly, the risk of hemorrhagic events during the course of therapy was higher during the first 90 days of treatment, decreasing considerably thereafter (15.4% vs 8.7%; RR, 1.78; 95% CI, 1.00-3.15; P = .049).
The incidence of bleeding events at different achieved intensities of OAT was investigated by dividing the number of events occurring in patients with temporally related INR values in 4 increasing INR categories (Ͻ2.0, 2.0-2.9, 3.0-4.4, and Ն4.5) by the total number of patientyears accumulated in these categories. As reported in Table   Table 2 Figure 2 ). Multivariate analysis confirmed that both in elderly patients and in controls, the risk of bleeding was markedly higher during the first 90 days of treatment, and when arterial vascular disease was the indication for OAT ( Table 7) . The risk of bleeding was significantly higher in elderly patients who received multiple-drug therapy. The quality of anticoagulation control did not differ between elderly patients and controls and was similar in patients who either did or did not experience bleeding events. In particular, elderly patients who bled had INR value 3 of 4.0 for 4.9% of the time, compared with the 4.5% for those who did not bleed.
As regards the 6 elderly patients who had fatal intracranial hemorrhage, it should be noted that (1) control patient who died of intracranial hemorrhage had an associated condition of hypertensive blood pressure. In none of these 7 cases was the occurrence of a trauma before the bleeding event reported.
THROMBOTIC EVENTS
Though the rate of all thrombotic events was no different in elderly patients than in controls (P = .10), the elderly had a significantly higher number of fatal thrombotic complications (RR, 2.8; 95% CI, 1.04-7.50; P = .04).
As listed in Table 6 , the rates of the events in both groups were not different according to the following variables: sex, type of coumarin drug, main indications for OAT, and intended therapeutic ranges. In the elderly patients In the elderly patients, the rate of thrombosis was markedly higher during the first 90 days of treatment (RR vs Ͼ90 days = 3.72; 95% CI, 1.76-7.86; PϽ.001). These differences were not detected in the control group, in which a significantly higher rate of events was recorded in patients whose main indication for OAT was arterial vascular disease (RR vs all the other indications = 3.28; 95% CI, 1.24-8.70; P = .02). The multivariate analysis confirmed that the risk of thrombosis was markedly higher during the first 90 days of treatment both in elderly patients and controls (though the univariate analysis did not show this difference) as well as when arterial disease was the indication for OAT in controls ( Table 7) . Analysis of the laboratory control quality of treatment showed that elderly patients who had experienced thrombotic events had spent significantly more time at inadequately low anticoagulation intensity levels (Ͻ2.0 INRs) than those free from thrombotic complications (24.8% and 17.7%, respectively; RR, 1.40; 95% CI, 1.34-1.46;
PϽ.001).
COMMENT This large, collaborative, prospective, multicenter study showed a nonsignificant trend for overall rates of bleeding during OAT to be higher in patients aged 75 years or older than in younger controls who were aged younger than 70 years. A nonsignificant trend for higher rates of thrombotic events during OAT was also recorded in older patients. The elderly patients and controls were matched for sex, main indication for therapy, and treating center. A higher risk of fatal complications occurred in elderly patients (6 vs only 1) than in controls. These results agree with the findings of recent studies in which the risk of life-threatening or fatal bleeding was significantly higher in older than younger patients receiving OAT. 6, 16 In this study, all fatal bleeding events recorded in both groups were intracranial hemorrhages. Others have also reported that the risk of intracranial bleeding during OAT is higher in older persons. 8, 17, 18 In their review, Hart et al 19 conclude that predictors of intracerebral hematoma during OAT are advanced age, prior ischemic stroke, hypertension, and intensity of OAT. In our previous article about bleeding complications in the total ISCOAT population, no relationship was detected between intracranial bleeding and the INR. 1 In contrast, in the present study, which focused on elderly patients, we found that only 1 of 6 patients who died of intracranial bleeding had an event-related INR value within the moderate-intensity therapeutic range (INR = 2.8); in 4 cases INR values ranged between 3.3 and 4.3, and in the final case the INR value was 5.9. Thus, in the elderly patients, a moderately high INR (3.0-4.5) is a risk factor for intracranial hemorrhage. The presence of cerebral or peripheral arteriosclerosis in 4 of these patients (2 of them with associated hypertensive blood pressures) may well be considered another risk factor for intracranial bleeding.
The lowest rate of bleeding occurred at INR values of 2.0 to 2.9. However, a substantial number of events (10.0%) occurred in association with very low INR values (Ͻ2.0), confirming previous reports 1, 20 that bleeding during OAT is not always related to the intensity of the OAT but that OAT can unmask a local bleeding source. The risk of bleeding markedly increased with INR values of 3.0 to 4.4, and became disproportionally high for INR values above 4.5.
In keeping with the results of the original ISCOAT, 1 in this article we found that the rate of bleeding in elderly patients was higher during the first 90 days of each OAT course, almost double that recorded thereafter. This early effect resulted from the unmasking of cryptic lesions by the OAT as well as from poor anticoagulant control during the initiation of treatment. It also occurred in the controls, but was much less marked. Elderly patients (but not younger controls) undergoing OAT for arterial vascular disease had a significantly higher incidence of bleeding than the others. This result agrees with previous findings 1, 17 and indicates that the risk of bleeding during OAT in these patients may outweigh the benefit. 21, 22 The multivariate analysis showed that comedication was significantly associated with a higher bleeding risk in elderly patients, confirming observations made by Beyth and Landefeld.
2 Bleeding from peptic ulcer disease has been reported to be increased about 13-fold in elderly persons receiving OAT when comedicated with nonsteroidal anti-inflammatory drugs. 7 Though the difference was not statistically significant, more thrombotic episodes occurred in elderly patients than in controls (24 vs 15, respectively); the number of fatal thrombotic episodes was, however, significantly higher in the elderly patients (13 vs 5, P = .04). As discussed elsewhere, 12 the outcomes considered in this article are heterogeneous, including venous thromboembolism, arterial embolic or nonembolic events, and vascular death. Oral anticoagulants might be expected to be more effective in the treatment of venous thromboembolism than in arterial thrombosis. In this study, 7 (5 fatal) of the events occurring in elderly patients were of venous thromboembolism, the remaining were arterial. In the elderly group (1) more than half of all the events for which a time-related INR value was available occurred when the INR values were less than 2.0; (2) only 1 venous thromboembolic event occurred with an INR value higher than 2.0; (3) those patients who had thrombotic events spent significantly more time at very low anticoagulation levels (Ͻ2.0 INRs) than those free from thrombotic complications (24.8% and 17.7%, respectively); and (4) almost half of the events occurred during the first 90 days of anticoagulation treatment. The results were different in controls, in which most events occurred in conjunction with therapeutic INR values and the event rates were not different in the various INR categories. Possible reasons for this observation are (1) the prevalence of arterial events (10 of 15 cases), for which a moderate-intensity anticoagulation therapeutic range (INR value, 2.0-3.0) may be less protective, and (2) the presence of a thrombophilic condition (lupus anticoagulant and protein S deficiency) in 2 of 5 controls who experienced venous events.
CONCLUSIONS
This article, in line with the findings of Fihn et al, 16 showed that elderly subjects undergoing OAT have a higher risk of more serious complications-both fatal thrombotic episodes of bleeding and thrombosis. As has already been pointed out, 8, 19 intracranial hemorrhage is the most feared and serious bleeding complication in elderly patients. Hylek and Singer 8 contend that anticoagulation intensity is the dominant risk factor for this complication and recommend avoiding INR values above 4. Our results indicate that in elderly patients, intracranial hemorrhage occurs with lower INR values, suggesting that, from the perspective of bleeding complications, an INR range between 2.0 and 3.0 represents the safest intensity of OAT. The high rate of bleeding in elderly patients with an INR below this range is difficult to explain. It could result from the presence of underlying lesions that are more frequent in older than younger subjects and that become unmasked early during the first stage of anticoagulant treatment (the highest rate was recorded during the first 90 days of treatment). Conversely, the bleeding rate increased sharply, as expected, above 3.0 INRs in proportion to the degree of anticoagulation. Our results also suggest that an INR range of 2.0 to 3.0 in elderly patients is also effective. Thus, thrombosis was more frequent at INR less than 2.0 (especially recurrence of venous thromboembolism). However, arterial venous events seemed to be less dependent on the degree of the intensity level of OAT, occurring even at higher INR values.
An increasing number of elderly subjects are candidates for OAT. However, because many physicians who prescribe coumarin therapy believe the risk of OAT is higher in elderly patients, they use a low targeted therapeutic range, allowing the INR to fall below an INR of 2.0. Our findings suggest a low targeted INR range (Ͻ2.0) should be avoided. The findings of this study indicate that the therapeutic range in elderly patients should be an INR of 2.0 to 3.0, since this range is associated with the lowest bleeding or thrombotic events. April 22, 1999 
Accepted for publication
